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TARGET TRANSPORT SYSTEM 

I, In t roduc t ion  

The purpose of  th5s  r e p o r t  i s  t o  desc r ibe  t h e  t a r g e t  t r a n s p o r t  system 

t h a t  h a s  been used, i n  conjunct ion wi th  t h e  G-20 i n s i d e  a i r l o c k ,  by t h e  Chemistry 

Department f o r  t h e  p a s t  6 months. 

To change an i n t e r n a l  t a r g e t  i n  t h e  AGS r equ i r ed  t h a t  t h e  machine be 

shut  down f o r  10 t o  30 minutes depending upon t h e  a i r l o c k  l o c a t i o n  i n  t h e  r i n g  

and t h e  pumpdawn leak  check t i m e .  The f i r s t  s t e p  t o  reduce machine downtime 

w a s  t o  make t h e  a i r l o c k  remotely c o n t r o l l e d  from t h e  Main Control  Room. The 

second s t e p  w a s  t o  i n s t a l l  an  automatic  t a r g e t  t r a n s f e r  system, aga in  con t ro l l ed  

from t h e  Main Cont ro l  Room, and used i n  conjunct ion wi th  remote c o n t r o l l e d  pan, 

tilt and zoom TV f o r  monitoring t h i s  ope ra t ion  by t h e  AGS Operat ions S t a f f .  

An indexing magazine, conta in ing  8 t a r g e t s ,  of t h e  same o r  d i f f e r e n t  

conf igu ra t ions ,  i s  used wi th  t h e  t r a n s f e r  system. The pre-loaded magazine i s  

changed manually dur ing  scheduled r i n g  maintenance per iods  e l imina t ing  non- 

scheduled machine downtime. 

i n  t h e  G-10 o u t s i d e  a i r l o c k ,  t he  primary AGS i n t e r n a l  t a r g e t  s t a t i o n .  

machine downtime requi red  during a t a r g e t  change was then reduced t o  two one 

minute i n t e r v a l s .  This occurs  when t h e  r i n g  s e c t i o n a l i z i n g  va lves  c l o s e  during 

t h e  a i r l o c k  r e t r a c t  and i n s e r t  cyc les .  The G-LO a i r l o c k  downtime, t h e  t i m e  

requi red  f o r  a complete t a r g e t  t r a n s f e r ,  i s  approximately 15 minutes.  The 

major po r t ion  of t h i s  t i m e  is  r equ i r ed  f o r  a i r l o c k  pumpdown and l e a k  check. 

These two improvements were i n i t i a l l y  incorpora ted  

The 

A t  G-20 i n s i d e ,  us ing  t h e  remotely c o n t r o l l e d  a i r l o c k ,  t a r g e t  t r a n s f e r  

and t r a n s p o r t  systems, a t a r g e t  can be de l ive red  o u t s i d e  t h e  AGS tunnel  i n  less 

than 2 minutes a f t e r  i t s  exposure t o  t h e  pro ton  bean. 
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Transport  System Paraineters 

The Chemistry Dept, uses  i n t e r n a l  t a r g e t s  a t  t h e  AGS, b u t ,  i n  c o n t r a s t  
t o  o the r  u s e r s ,  t h e  Chemistry Dept. i s  i n t e r e s t e d  i n  t h e  r a d i o a c t i v e  materials 

w i t h i n  t h e  t a r g e t  i t s e l f  and, because of t h e  s h o r t  h a l f - l i f e  of some t a r g e t  

materials, fas t  t a r g e t  re t r ieva l  i s  mandatory. To e l i m i n a t e  downtime between 

Chemistry runs,  and t o  f a c i l i t a t e  f a s t  removal, a t a r g e t  t r a n s p o r t  system, t o  

b e  used i n  conjunct ion  wi th  t h e  6-20 i n s i d e  a i r l o c k  and t r a n s f e r  machine, 

was designed. 

Discussions he ld  wi th 'Drs .  Fr ied lander  and Hudis of  Chemistry l e d  t o  t h e  

four  genera l  des ign  parameters l i s t e d  below,, The t a r g e t  t r a n s p o r t  system 

should be a b l e  to:  

1) accep t  a t a r g e t  from t h e  t a r g e t  t r a n s f e r  system and d e l i v e r  i t  t o  

a p o i n t  o u t s i d e  of t h e  AGS tunnel .  

2) r e t u r n  a t a r g e t  t o  t h e  t r a n s f e r  system, 

3) b e  e a s i l y  c l ea red  away t o  allow t h e  t r a n s f e r  system t o  be used w i t h  

a t a r g e t  magazine. 

4 )  be  f l e x i b l e  i n  t h a t  t he  te rmina l  o u t s i d e  t h e  AGS tunnel  can b e  re- 

loca ted  up t o  30 f t  above t h e  r i n g  f l o o r  and 100 f t  from t h e  a i r l o c k .  

Transport  System Operat ion 

A s i n g l e  tube pneumatic system seemed t o  o f f e r  t h e  most advantages and 

least  problems of t h e  va r ious  c a r r i e r  systems i n v e s t i g a t e d .  The t r a n s p o r t  

system i s  a n  ex tens ion  of t h e  t r a n s f e r  system, i n  e f f e c t  t ak ing  t h e  p l a c e  of t h e  

magazine, 

o r  t r a n s f e r .  It t akes  a technic ian  5 minutes t o  change from one mode of oper- 

a t i o n  t o  t h e  o the r ,  a f t e r  machine access  has been gained. Pig.  1 shows the  

gene ra l  l ayout  of t h e  system. 

E i t h e r  one of t h e  two modes of ope ra t ion  are p o s s i b l e ,  t r a n s p o r t  

A d e s c r i p t i o n  of t h e  ope ra t iona l  sequence i s  as fol lows:  

Assume t h a t  t h e  a i r l o c k  i s  open and ready f o r  a t a r g e t  change. 

Step #l. When t h e  t r a n s f e r  machine begins  i t s  cyc le ,  t h e  t r a n s p o r t  r i n g  

te rmina l  e l e v a t o r  descends t o  p o s i t i o n  t h e  t a r g e t  carrier, Fig.  2 sometimes 

c a l l e d  a " rabbi t" ,  t o  accept  t h e  t a r g e t  t h a t  would o therwise  b e  depos i ted  i n  

t h e  magazine. 
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Step V2.  The t a r g e t  i s  clamped i n  t h e  carrier and t h e  t r a n s f e r  machine 

s t o p s .  The s h u t t l e  va lve  w i t h i n  t h e  lab  te rmina l  s h i f t s  t o  p u t  a vacuum t o  . 

t h e  pneumatic tube.  

Step V 3 ,  The e l e v a t o r  i s  r a i s e d ,  p l ac ing  t h e  c a r r i e r  i n t o  t h e  pneumatic 

t ubes  

S tep  V4. Carrier i s  r e l eased  from t h e  e l eva to r  and t r a v e l s  t o  t h e  l a b  

t ermina 1. 

Step V5.  When t h e  c a r r i e r  i s  i n  t h e  l a b  te rmina l ,  a mechanism raises 

behind t h e  c a r r i e r  t o  a l i g n  and clamp t h e  carrierg a t  t h e  same t i m e ,  t he  

s h u t t l e  va lve  moves halfway t o  pu t  t h e  te rmina l ,  and tube,  t o  atmospheric 

p r e s  s u r e  

S tep  86. The ope ra to r  opens t h e  te rmina l  access door,  unlocks t h e  

t a r g e t  from t h e  carrier and removes t h e  t a r g e t .  

Step #7. The opera tor  locks a new t a r g e t  i n t o  t h e  c a r r i e r ,  c loses  t h e  

access door and presiaes a' 'return" but top .  

Step $18. The c a r r i e r  alignment mechanism drops ou t  of t h e  way. 

S tep  #9. The s h u t t l e  va lve  s h i f t s  t o  p r e s s u r i z e  t h e  te rmina l  box and 

tub e. 

Step #LO. T h e  carrier t r a v e l s  t o  t h e  r ing  te rmina l ,  While t r a v e l i n g  

through t h e  h o r i z o n t a l  tube  t h e  carrier ac tua te s  a switch which r e t u r n s  t h e  

s h u t t l e  va lve  t o  "neutral" .  

Step 11. The c a r r i e r  c o a s t s  t o  t h e  c a r r i e r  s top .  

Step Vl2. The s top  re t racts  t o  allow t h e  c a r r i e r  t o  f a l l  gen t ly  t o  t h e  

e l eva to r .  

Step i"13. The carrier i s  clamped t o  t h e  e l e v a t o r  and a t  t h e  same t i m e  

i t  i s  proper ly  a l igned .  

S tep  t14.  The e l e v a t o r  descends t o  contac t  t h e  magazine platform. 

A t  t h i s  po in t ,  t h e  MCR i s  s i g n a l l e d  t o  s t a r t  t he  t r a n s f e r  machine i n  

o rde r  t o  p l a c e  t h e  new t a r g e t  onto t h e  t a r g e t  f l i p  motor. When t h e  t r a n s f e r  

machine has f i n i s h e d  i t s  cyc le ,  t h e  r i n g  te rmina l  e l e v a t o r  rises, al lowing 

t h e  a i r l o c k  t o  be  c losed ,  
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P rogr  m e r  

The ope ra t ion  sequence, information feedback and i n t e r l o c k  between systems, 

are c o n t r o l l e d  by cams i n  a 24-step Tenor Model #2400 programmer. 

are dr iven  by a i r  cy l inde r s  and a t  t h e  completion of each motion, an  e l e c t r i c  

s i g n a l  i s  s e n t  t o  index t h e  programmer one s t e p .  Only the  s a t i s f a c t o r y  com- 

p l e t i o n  of t h e  prev ious ly  i n i t i a t e d  movement can  cause t h e  programmer t o  s t ep .  

This  i s  a s a f e t y  f e a t u r e  t h a t  keeps themovements and programmer i n  proper re- 

l a t i o n s h i p ,  and i s  accomplished by a s i n g l e  p o l e  - 24 p o s i t i o n  swi.tch module 

on t h e  programmer. 

s t e p  t h e  p r o g r a m e r  remotely. 

A l l  motions 

The main c o n t r o l  room can, i n  t h e  event of a malfunct ion,  

Alignment 

A t  t h e  r i n g  te rmina l  t h e  ca . r r i e r  must be a l igned  c l o s e l y  i n  r e l a t i o n  t o  

t h e  t r a n s f e r  machine and a l so  b e  lowered from t h e  pneumatic tube  f o r  t a r g e t  

t r a n s f e r r i n g .  When t h e  carrier drops t o  t h e  e l e v a t o r ,  it lands on t h e  bottom 

f i n g e r s  of t h e  c a r r i e r  clamp and then  t h e  c a r r i e r  clamp lowers it a t  a con- 

t r o l l e d  speed, F ig .  3 .  The alignment cam of t h e  c a r r i e r  c o n t a c t s  t h e  a l ign -  

ment r o l l e r  of t h e  e l eva to r  and as t h e  c a r r i e r  i s  forced downward, i t  r o t a t e s ,  

up t a  180°, u n t i l  t h e  cam s l o t  f a l l s  over t h e  r o l l e r .  

as a key and t h e  cam s l o t  acts as i t s  keyway. Theore t i ca l ly ,  t h e  alignment 

'should work as descr ibed  above except i n  t h e  case t h a t  t h e  cam z e n i t h  i s  i n  

l i n e  wi th  t h e  v e r t i c a l  $ of t h e  r o l l e r .  

dom between t h e  c a r r i e r  and pneumatic tube,  t h e  c a r r i e r  w i l l  no t  a l i g n  i t s e l f  

even i f  t h e  cam zen i th  i s  up t o  30' from t h e  r o l l e r  E. Even i f  t h i s  were only 

lo o r  2' it could n o t  b e  t o l e r a t e d .  

Thus, t h e  r o l l e r  a c t s  

Because of f r i c t i o n  and r a d i a l  f r e e -  

Logic Current  

A pneumatic l o g i c  c i r c u i t ,  Fig.  V5, w a s  designed and i s  included i n  t h e  

c a r r i e r  clamp cy l inde r  a i r  l i n e s .  The c i r c u i t  would have been b e t t e r  i f  a four-  

way va lve  were used i n  p l a c e  of t h e  two three-way valves  V10 and V l 1  bu t ,  only 

three-way va lves  were a v a i l a b l e  wi th  t h e  programmer used. When V10 i s  f i r s t  

ac tua t ed ,  V14 i s  opened a l s o ,  b u t  a f t e r  t h e  c a r r i e r  is  clamped, t h e  programmer 

is  s tepped and V 1 4  i s  re turned  t o  normal. A i r  from V10 goes t o  t h e  clamp s i d e  

of cy l inde r  C 8  and through the  needle  va lve  V23 t o  an accumulator. When enough 

p res su re  i s  b u i l t  up downstream of V23, V 1 7  i s  ac tua ted .  I f  V 1 4  i s  open, p re s -  

s u r e  a c t u a t e s  V16 r eve r s ing  t h e  a i r  flow t o  the '  clamp cy l inde r  C8. I n  r ege r s ing  

C 8  ope ra t e s  r a p i d l y  and, because one lower l e g  of t h e  c a r r i e r  clamp has a rubber 
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bu t ton  t o  h i t  t h e  c a r r i e r ,  t h e  c a r r i e r  i s  turned as i t  i s  f l i p p e d  up. 

.When cy l inde r  C8 i s  i n  t h e  f u l l  release p o s i t i a n ,  t h e  accumulator exhausts 

through t h e  check va lve  s i d e  of V23 and then through V16, r e l e a s i n g  V 1 7  

t o  normal, which i n  t u r n  releases V16 t o  normal, and t h e  c a r r i e r  clamp 

cy l inde r  aga in  a t tempts  t o  clamp and a l i g n  t h e  c a r r i e r .  The l o g i c  c i r c u i t  

w i l l  cont inue t o  clamp and unclamp C 8  u n t i l  t h e  c a r r i e r  i s  f u l l y  a l igned  

and sea t ed ,  f o r  only when t h e  c a r r i e r  i s  sea t ed  w i l l  t h e  programmer be stepped. 

V23 has been ad jus ted  t o  g i v e  C 8  approximately 30 sec  t o  clamp t h e  c a r r i e r .  

It takes  about 5 sec f o r  t h e  c a r r i e r  t o  clamp, t h i s  a l lows 25 seconds f o r  t h e  

programmer t o  s t e p  and pu t  V14 t o  normal, This  25 sec de lay  i n  r ecyc l ing  C 8  

i s  a s a f e t y  f ea tu re .  Though t h e  25 sec de lay  i s  t i m e  l o s t  t o  t h e  G-20 oper- 

a t i o n ,  i t  merely postpones t h e  start  of an experiment bu t  does no t  change t h e  

t iming o r  schedule  w i t h i n  t h e  experiment i t s e l f .  

Target  Conf igura t ion  

The t a r g e t  b l ades  used by t h e  Chemistry Dept, i n  conjunct ion wi th  t h e  

t r a n s p o r t  system, a r e  t h e  s t anda rd  "C" frame holder  and clamp p l a t e .  The t a r g e t  

i t s e l f  i s  a metal f o i l ,  t h a t  can vary i n  th ickness ,  mounted as shown i n  Pig.  4. 
This  mul6 i - t raversa l  t a r g e t  i s  f l i p p e d  by a s tandard  t a r g e t  motor so t h a t  

t h e  f o i l  i s  exposed t o  t h e  pro ton  beam and t h e  holder  does n o t  pas s  through 

t h e  c i r c u l a t i n g  beam. 

Conclusion 

The t a r g e t  t r a n s p o r t  system w a s  f i r s t  set up i n  t h e  t a r g e t  l ab  f o r  de- 

bugging and ope ra t iona l  checks. 

s h o r t  pe r iod  of t i m e  w a s  used t o  make adjustments and f i n a l  ope ra t iona l  checks. 

The system w a s  then made a v a i l a b l e  t o  t h e  Chemistry Dept. f o r  t h e i r  use. 

Then t h e  system was i n s t a l l e d  a t  G-20 and a 

I would l t k e  t o  acknowledge two types of  he lp  from t h e  Targe t  Group, 

F. Schneider ,  B.  Vogt, and T. F a i r c h i l d .  F i r s t  w a s  t h e  p o s i t i v e  he lp  i n  set-  

t i n g  up, f i nd ing ,  and c o r r e c t i n g  d i f f i c u l t i e s  and sugges t ing  changes for b e t t e r  

ope ra t ion  of t h e  system. Secondly, t h e  Target  Group accepted wi th  equanimity 

t h e  crowding of t h e i r  l ab  during t h e  f i r s t  se tup  of t h e  t r a n s p o r t  system. 

D i s t r i b u t i o n :  AGS S t a f f ,  M.E. Div is ion ,  Adm. Group 
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Figure  Captions 

1. Eleva t ion  Layout of t h e  Target  Transport  System a s  i n s t a l l e d  

a t  G-20. 

Target Carrier shown holding a t y p i c a l  t a r g e t .  

The Target  Carrier i s  depic ted  wi th in  t h e  pneumatic tube  and 

clamped t o  t h e  e l e v a t o r  base.  

A F o i l  Target  mounted i n  a V' Frame as used by t h e  Chemistry 

Dept. i n  conjunct ion w i t h  t h e  Transport  System, 

2. 

3.  

4 .  

5. Schematic drawing of t h e  Pneimatic .Logic  System used t o  c o n t r o l  

t h e  c a r r i e r  and clamp cyl inder .  
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